Expression of the grass carp growth hormone: gene in Escherichia coli. by Chinese University of Hong Kong Graduate School. Division of Biochemistry.
Expression of The Grass Carp Growth Hormone 
Gene in Escherichia coli 
\ 
By 




A Thesis Submitted in Partial Fulfilment of 
the requirement for the degree of 
Master of Philosophy in Biotechnology 
‘• / . � \ A 
” 、 \ 
i rj 4 f、：、 
June 1993 
Division of Biotechnology 






fe( 0 t oa 1994 j|| 
^UHlVERSirf-J碧ij 
Acknowledgements 
工 would like to express my sincere gratitude to my 
supervisor Dr. Walter K.K. Ho for his supervision and 
guidance in my M.Phil, study.工 am very thankful for 
Mrs Nilanthi R. Dias to help the construction of 
expression plasmids. Miss Flora Mo for the preparation 
of this thesis and colleagues of the Biotechnology 
Laboratory for their support. I also take this 
opportunity to express my appreciation to my husband, 
Mr. Pong Nim On, and my family for their patience and 
understanding. 
This project is supported by a grant from the 







The grass carp {Ctenopharyngodon idellus) growth 
hormone cDNA has been cloned and sequenced (Ho et al•, 
1988) . From the sequence of the cDNA, an open reading 
frame coding for a protein of 210 amino acids was 
observed. The first twenty two amino acids appeared to 
be a signal peptide and the N-terminal of the matured 
grass carp growth hormone was deduced to be serine. 
In order to produce a large quantity of this 
hormone for use in fish farming and academic study, the 
use of Escherichia coli (E.coli) to synthesize a 
recombinant growth hormone (r-GH) is an attractive 
approach. In our study, two expression systems for r-GH 
production were used. One produced an unfused 
intracellular protein which was insoluble and aggregated 
in the cytoplasm. The other excreted the protein 
extracellularly which was soluble in the culture medium. 
The expression vector pKK 233-2 which contains the 
strong trc promoter, the lac Z ribosome-binding site, 
the ATG initiation codon and the strong rrn B 
transcription terminator was used to construct an 
expression plasmid producing recombinant grass carp 
growth hormone(r-gcGH)• A number of techniques were 
used to increase expression. These included 1) changing 
the 5 ‘ end codons of the cDNA to E• coli preferred ones, 
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% 
2) optimization of the distance between ribosomal 
binding site and the initiation codon, 3) construction 
of a short "dummy" cistron at the 5' end of the growth 
hormone cDNA to improve attachment to the ribosome, 4) 
increasing the copy number of recombinant plasmid ,and 
5) improvement of expression by changing the promoter. 
For the excretion system, the enterotoxin est4A signal 
sequence was engineered in front of the cloned gene in 
order to direct the excretion the r-GH into the culture 
medium. The expression level of r-gcGH was assayed by 
SDS-PAGE, Western blot and radioimmunoassay. The 
highest level of expression achieved so far is 20% to 
30% of total bacteria protein or 363 nq r-GH per ml 
culture. 
The second part of my study addresses the strategy 
for the purification of r-gcGH. The purified protein 
was characterized in terms of its immunological 
property, amino acid composition and N-terminal 
sequence. The amino acid composition and N-terminal 
sequence of the purified protein were in agreement with 
the deduced information from the cDNA sequence. The 
purified r-gcGH was used to raise antibody in rabbit. 
This antiserum could recognize the natural gcGH (n-gcGH) 
in a radioimmunoassay (RIA)• The purified r-gcGH 
competed against n-gcGH in a RIA using an antiserum 
specifically raised against the n-gcGH. It appeared that 
the purified r-gcGH and n-gcGH had similar iimunological 
response in rabbit. 
• • • 111 
For future studies, the biological activity of the 
r-gcGH has to be demonstrated. In addition large scale 
production process and formulation have to be worked out 








BSA bovine serum albumin 
cDNA complementary deoxyribonucleic acid 
DNA deoxyribonucleic acid 
FPLC fast performance liquid chromatorgraphy 
IPTG isopropylthiogalactoside 
LB Luria-Bertani medium 
» 
itiRNA messenger ribonucleic acid 
n-gcGH natural grass carp growth hormone 
ODS octadodecylsilica 
PBST phosphate buffered saline with Tween 20 
PBS phosphate buffered saline 
Rb rabbit number 
RBS ribosome binding site 
r-GH recombinant growth hormone 
r-gcGH recombinant grass carp growth hormone 
RIA radioimmunoassay 
rpm revolutions per minute 
ft 
SD Shine-DaIgarno 
SDS-PAGE sodium dodecyl sulfate polyacrylamide gel 
electrophoresis 
TFA trifluoroacetic acid 
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1.1 Biological Functions and Structure of Growth Hormone 
» 
Growth hormone(GH) is a simple protein and it 
is synthesized in the anterior pituitary gland by 
somatotropic cells. It has no specific target 
organ,but rather it functions in cellular 
metabolism,thereby affecting all organs of the body 
(Pickford,1957)• The period during which normal 
body growth can be achieved by administration of GH 
is limited. In adult animals, GH may be 
diabetogenic rather than growth-promoting after the 
growing period. It is diabetogenic because it 
increases hepatic glucose output, decreases 
carbohydrate utilization and exerts anti-insulin 
effects in muscle by impairing glucose uptake. GH 
also increases protein synthesis by enhancing amino 
acid uptake and accelerating transcription and 
translation. The energy source for protein 
synthesis in response to GH is fats rather than 
carbohydrates. It causes release of fatty acids 
from fats and enhances the conversion of fatty 





The growth-promoting effects can be achieved 
by administration of GH only at the critical 
growing period of the animal as well as a 
sufficient diet in terms of protein content, 
caloric content, essential vitamins and minerals. 
Structurally,GH is a single chain polypeptide 
of approximately 22K daltons comprising 200 amino 
\ 
acids with 2 to 3 disulphide bonds. The 
physicochemical properties and the primary 
structures of fish GHs are very similar to those 
from mammals. This suggests that the GH structure 
has been strongly conserved during evolution. 
.z 
1.2 Applications of Recombinant Growth Hormone 
Recombinant DNA technology provides a means of 
producing biologically active polypeptide hormones 
in quantity for therapeutic purposes as well as for 
aquacultural applications. Recombinant human 
growth hormone (rHGH) expressed in E. coll (Goeddel 
et al. , 1979) and Saccharomyces cerevisiae 
(Tokunaga et al., 1985) retains the full range of 
biological activities and can be used to treat 
hypopituitary dwarfism. For aquacultural 
applications, recombinant bovine GH has been used 





(Oncorhynchus kisutch) during ambient winter 
conditions (Down et al., 1988). It was concluded 
that somatotropin treatment can produce a 
significant increase in the growth rate of coho 
salmon. The same experiment done by Down et al. 
was repeated in 1989. Seawater-adapted female 
Chinook salmon (Oncorhynchus tshawytscha) was given 
recombinant bovine GH for five weeks under ambient 
summer conditions. The results of this experiment 
showed that the administration of GH to chinook 
salmon could produce a dose dependent elevation of 
growth rate. 
In addition, a genetically modified 
recombinant bovine GH was tested for growth-
promoting ability in underyearling coho salmon 
(Oncorhynchus kisutch) by Down et al. 1989(b).They 
concluded that this analog had approximately nine 
times the growth-promoting potency of the native 
form of bovine GH in coho salmon. 
A recombinant GH would have a greater 
economical potential in finfish aquaculture because 
1) it can be produced in much larger quantity. 2) 
with the help of genetic engineering techniques, 
the biological potency of the recombinant hormones 
can be dramatically enhanced by modification of the 
natural sequence of the GH. 
For commercial application of recombinant GH 
3 
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in fish farming, finding a practical mean to 
administer GH on a large scale is a major barrier 
to overcome. Traditional techniques, such as 
injection and cholesterol pellet or osmotic pump 
implantation, require that each fish to be handled 
individually and are therefore, very time consuming 
and labour-intensive. There are two routes for 
practical administration of GH on a large scale, 
one is in the feed and the other is in the water. 
The administration of recombinant bovine GH to 
juvenile rainbow trout (Oncorhynchus mykiss) by 
immersion ( Donaldson et al.,1989),and forced 
feeding into Chinook salmon{Oncorhynchus 
tshawytscha) (Donaldson et al.,1990) have been 
investigated.These results demonstrated the 
possibility of administering recombinant GH to fish 
by immersion and via an oral route• 
1.3 Expression of Eukaryotic Gene in Escherichia coli 
The expression of a cloned gene relies on 
three levels of control; namely, the transcription 
of the gene to produce mRNA, the translation of the 
mRNA to produce the encoded protein and the 
stability of the expressed protein in the host 
cell. 
The first element of control for transcription 
4 
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of a cloned gene in E • coli is a promoter that can 
be efficiently recognized by the host RNA 
polymerase. The second element is an efficient 
terminator for transcription and it should be 
placed downstream from the promoter because active 
transcription may interfere with plasmid 
replication leading to plasmid instability (Remaut 
et al. , 1981). 
For translation of itiRNA, an untranslated 
leader sequence at the 5 ‘ end of the inRNA, named 
ribosome-binding site, has to be considered. In E. 
coli, the ribosome-binding site (RBS) includes an 
initiation codon (AUG) and a sequence of 3-9 
nucleotides, called Shine-Dalgarno (SD) sequence, 
located about 3-11 nucleotides upstream from the 
initiation codon (Shine and Dalgarno, 1975)• The 
SD sequence is complementary to the 3• end of the 
E. coli 16s rRNA. Binding of the ribosome to mRNA 
is thought to be promoted by base pairing between 
the SD sequence in the mRNA and the sequence at the 
3‘ end of the 16S rRNA (Stertz 1979). Other than 
RBS, inRNA contains the start codon AUG for -
initiation and the stop codon for termination of 
translation. 
There is no control element which dictates the 
stability of the expressed protein in the host 





protein is unstable, a signal peptide can be used 
for exporting the protein out of the cytoplasm so 
that digestion by intracellular enzymes can be 
avoided. The other way to stabilize an expressed 
protein is to produce a fusion protein. The cloned 
gene is inserted at the 3• end of an E• coli gene 
(e.g. lacZ) and by virture of this fusion, the 
final hybrid protein can be made more stable. 
1.4 Methods for Increasing Expression of a Cloned Gene 
1.4.1 Changing the 5‘ End Codons of the cDNA to E. 
coli Preferred Codons 
Seeburg et al • (1983) demonstrated that the ^  
expression of [Met-Phe-bGH] could be increased 
substantially by using synthetic DNA to make 
degenerative codon substitutions at the 5 • terminus 
of this gene. The synthetic DNA contains codons 
which appear most frequently in E• coli genes which 
express at high levels. By employing a similar 
strategy, George et al.,(1985) were able to 
increase the expression of bovine GH in E. coli by 
10 to 15 fold. 
1.4.2 Optimization of Distance between Shine-
Dalgarno Sequence and the Initiation Codon 
6 
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The sequence between the SD site and the 
initiation codon is known to affect translation 
efficiency of the itiRNA. For efficient expression 
» 
,the distance and base sequence between the SD 
site and the ATG initiation signal have been shown 
to play a significant role. The optimal distance 
for expression of recombinant human GH in E• coli 
is approximately 11 nucleotides with a content of 
6 to 10 adenines (Dalboge et al. , 1988) . The 
optimal distance for tuna growth hormone cDNA is 13 
base pairs and a nucleotide sequence of AAC AGA ATT 
CCC C (Sato et al.,1989). Furthermore, base 
sequences upstream of the SD region and in the 
coding sequence may also play some role in 
z 
stablizing the pairing between the 16s ribosomal 
RNA and RBS of the mRNA • This stability can 
significantly influence the efficiency of 
translational initiation (Schander et al., 1989). 
1.4.3 Construction of a Short "Dummy" Cistron at 
the 5" End of the Cloned Gene to Improve 
Attachment of Ribosome 
In a study on the expression of bovine GH in 
coli, Schoner et al. (1984) observed that a two-
cistron system could improve the expression level 




The first cistron was thought to enhance the 
translation efficiency of laet-bGH by reducing the 
local secondary structure originally formed at the 
ribosome binding site (RBS) such that the ribosomes 
cannot initiate translation efficiently. The 
formation of such secondary structures may explain 
partly for the inefficient translation initiation 
of mRNAs containing heterologous gene sequences. 
A synthetic two-cistron iriRNA system was designed to 
overcome translational inhibition of mRNA 
containing methionylalanyl bovine GH sequence 
(Schoner et al •, 1986). The most efficient 
expression of the methionylalanyl bovine GH gene 
seemed to occur when the stop codon that terminates 
translation of the first cistron was located 3• to 
the SD sequence and close to the AUG start codon 
for the second cistron. 
i 
1.4.4 Increasing the Copy Number of Recombinant 
Expression Plasmid 
The expression vectors pKK223-3 for 
synthesizing unfused protein in E, coli has a 
replication origin derived from pBR322 and the copy 
number of this plasmid is not very high (less than 
25 per chromosome)• However, when the replication 




the copy number of the hybrid plasmid was increased 
to 230 copies per chromosomes at around 37�C to 
42�C. Chicken lysozyme could be produced up to 25% 
of total cellular protein by using such a hybrid 
expression plasmid (Miki et al., 1987)• The 
expression of tuna growth hormone cDNA using 
expression plasmid pKK233-2 (Amann and Brosino , 
1985) in E. coli was very low; however, it was 
increased up to 12% of the total cellular protein 
when the replication origin of the plasmid was 
changed to that of pUC19 (Sato et al., 1989). 
These results show that the copy number of the 
expression plasmid is very important for high level 
expression of eukaryotic gene products in E• coli. 
1.4.5 Optimizing High Density Cell Expression 
In the study of the gene involved in the 
regulation of ethanol dehydrogenase in E. coli, 
Lin et al. (1991) have shown that a 0.9 kb fragment 
at the 5» end of the adhE gene was involved in 
regulating expression. The ethanol dehydrogenase 
level of anaerobically grown cells is usually 
several fold higher than that of aerobically grown 
cells. This indicates that the respiratory growth 
condition may exert a transcriptional control on 
the adhE gene. In this respect, the adhE promoter 
9 
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may be used for induction of gene expression at 
high cell density. This is possible because at 
high cell density anaerobic metabolism occurs and 
such a condition may act favorably to activate the 
adhE promoter. 
1.5 Quantitating the Expression of Cloned Gene 
The amount of cloned gene product can be 
measured by the following methods (Sambrook et al., 
1989): 
1. Sodium Dodecyl Sulfate-polyacrylamide gel 
electrophoresis(SDS-PAGE) can be used 
(Laemmli et al•, 1970) to determine whether , 
a protein of the appropriate size is made at 
increased level in cells that contained the 
expression plasmid. The expressed protein 
can be visualized by staining the gel with 
Coomassie Brilliant Blue, or by silver 
staining (Oakley et al., 1980)• Another 
sensitive way to visualize the protein of 
interest is labelling with S^ -^met or S^^-Cys 
during induction. The expressed protein can 
be detected by SDS PAGE followed by 
autoradiography. 
2. Western blot analysis (Towbin et al., 1979) 
using antibodies that bind specifically to 
10 
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the expressed protein can confirm the 
identity of the gene product separated by 
SDS-PAGE. 
3. If the target protein is available in a pure 
form and antibody is available, competitive 
RIA is a sensitive method to quantitatively 
% 
measure the amount of protein expressed. 
4• Activity assay is useful in evaluating the 
amount of active protein being expressed if 
the protein is made in an active form in the 
host cells. 
5. The expression level of the cloned gene can 
be indirectly monitored by placing the lac Z 
gene downstream from the cloned gene. The , 
expression can be followed by monitoring 
galactosidase activity (Miller et al •, 1972). 
1.6 Inclusion Bodies Formation 
Inclusion bodies are in vivo aggregates of 
proteins which are often morphologically 
identifiable in the cytoplasm of the host cells. 
According to Mitroki and King (1989), inclusion 
bodies are derived from intermediates in 
intracellular protein folding pathways, and not 
from the native or fully unfolded proteins. The 




heterologous host cell systems. It is believed to 
be driven by partial intracellular denaturation of 
intermediates by high temperature, or by the 
absence of critical factors such as cofactors, 
prosthetic groups, cytoplasmic membranes, 
chaperones, etc. 
Since it is not likely that the cytoplasmic 
environments of a mammalian cell and E.coli are 
identical, recombinant proteins expressed in E. 
coli are very often in the form an aggregate. 
1.7 The Purification of Eukaryotic Polypeptides Synthesized 
as Inclusion Bodies in E.coli 
The objective of the purification is not only 
to isolate the recombinant protein but also to 
recover active soluble proteins. For directly 
expressed proteins, the first stage is to isolate 
the inclusion bodies. Denaturants are then used to 
unfold the polypeptides and finally, conditions are 
adjusted to allow the polypeptides to refold 
correctly. However, the major purification 
problem for eukaryotic polypeptides synthesized in 
E• coli is the conversion of insoluble aggregates 
into stable, active and soluble forms. 
12 
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1.7.1 Solubilizaion of the Inclusion Bodies 
t 
Frequently used solubilization agents include 
(a) 5-8 M guanidium hydrochloride, (b) 6-8 M urea, 
(c) detergents, (d) alkaline pH (>9.0) , and (e) 
organic solvents (Marston, 1986)• Solubilization 
is achieved by disrupting non-covalent hydrogen 
bonds, ionic or hydrophobic interactions and 
unfolding the polypeptides. The effectiveness of 
a particular solubilization agent is different 
among different proteins. In certain recombinant 
polypeptides, thiol reagents such as 6-
mercaptoethanol and dithiothreitol are used in 
t 
conjunction with denaturants. They are used to 
reduce the intra or intermolecular disulphide bond 
formed incorrectly within the inclusion bodies. 
1.7.2 Refolding the Polypeptides to its Native Form 
and Disulphide Bonds Formation 
This can be achieved by dialysis or by 
dilution to remove denaturant and generate soluble, 
active and refolded protein. In order to promote 
correct disulphide bond formation, addition of 
t 
thiols to the refolding buffer is required. A 
mixture of reduced and oxidized glutathione can 
speed up the disulphide bond formation by thiol-
13 
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disulphide interchange. Other factors such as the 
rate of transition from solubilization to the 
refolding environment, purity of the recombinant 
polypeptide, concentration of the recombinant 
polypeptide, pH and ionic components of the solvent 
have to be optimized for individual proteins to 
obtain high yield. 
1.8 Expression of Secreted Recombinant Protein 
Secretion of the recombinant protein is 
accomplished by fusing the coding sequence to a 
signal peptide sequence. The product can be 
secreted into the periplasm located between the 
inner and outer membranes of E. coli, or into the 
medium. The advantages of secretion system are: 
1) proteins are more stable in the periplasm 
than in the cytoplasm; 
2) secretion may allow protein to be properly 
folded; 
3) the extent of purification is less than that 
required for cytoplasmic products. 
However, there are two major problems: 
1) expression levels are usually low (i.e. less 
than 1% of total E. coli protein)； 





The human GH has been successfully expressed, 
processed and secreted by E • coli when it was fused 
to the signal peptide of the heat stable 
enterotoxin (Chang et al., 1989). The signal 
sequence of E • coli heat stable enterotoxin estA4, 
one of the most efficiently secreted proteins 
(Stieglitz et al •, 1988), was used in this study 
for construction of a secretion plasmid. 
1.9 Purpose of Present Study 
The primary purpose of the present study is to 
produce a recombinant grass carp growth hormone in ^ 
E • coli to a high level and characterize the 
purified recombinant protein. The final objective 
is to test the potential use of this growth hormone 
in fish fanning. 
15 
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Materials and Methods 
CHAPTER 2 
MATERIALS AND METHODS 
2.1 General Techniques 
2.1.1 Chemical Synthesis of DNA Linkers and Primers 
All DNA linkers and primers were made in 
an automatic DNA synthesizer [Model 391; 
Applied Biosystems (Foster City, CA) ] • 
Oligonucleotides were deprotected and 
cleavaged from the synthesis column by 
treatment with concentrated ammonia and 
incubation at 55�C according to the procedure 广 
recommended by the manufacturer. The crude 
oligonucleotides were further purified by 
Oligonucleotide Purification Cartridge 
(Applied Biosystems) as recommended by the 
manufacturer. 
2.1.2 Manipulation of DNA 
Mini-preparation plasmid DNA was 
purified by Qiagen tip [Qiagen Inc. (Studio 
City, CA) ] according to the recommended 
procedure. Restriction enzyme digestion, DNA 
16 
Materials and Methods 
ligation and dephosphorylation as well as 
polymerase chain reaction were done according 
to the manufacturer‘s manual. Restriction 
enzymes and T4 DNA ligase were purchased from 
Promega and New England Biolab. Calf-
Intestinal phosphatase (CIP) and Taq 
polymerase were purchased from Pharmacia. 
2.1.3 Electro-elution of DNA from Agarose Gel 
(Maniatis et al.,1982) 
During the construction of expression 
plasmids, a defined size of DNA fragment had 
to be separated from the digestion mixture. 
The technique of electro-elution of DNA from 
agarose gel was used. 
After the DNA was separated on an 
analytical agarose gel, the desired fragment 
was cut and put into a dialysis bag with 
minimum volume of TBE (0.09 M Tris-borate, 1 
mM EDTA) . The bag was submerged in TBE 
buffer and electrophoresis was carried out 
until all DNA migrated out of the gel slice. 
The buffer in the dialysis bag was saved and 
extracted several times with an equal volume 
of water saturated isobutanol for removing 
the ethidium bromide. The DNA sample was then 
17 
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ethanol precipitated and dried under vacuum. 
2.1.4 Preparation of Competent Cells and 
Transformation (M13 Cloning and Sequencing 
Handbook, Amersham) 
E• coli strain JM 109 (Yanisch-Perron et 
a l 1 9 8 5 ) was grown in LB medium (Luria-
Bertani medium, lOg bacto-tryptone, 5g bacto-
I 
yeast extract and lOg NaCl in 1 litre 
distilled water) to logarithmic phase. The 
culture was gently spun down at 7000xg for 2 
minutes and resuspended in half volume of 
autoclaved and prechilled (4�C) 50 mM CaClj 
.After standing on ice for 20 minutes and the 
cells were spun again at 7000xg for 2 
minutes. Finally the competent cells were 
resuspended in 1/10 volume cold 50 inM CaCl! 
and left on ice for several hours before use. 
For transformation, 0. l/xg constructed 
plasmid DNA was added to 0.3 ml competent 
cell and kept on ice for 4 minutes. The 
cells were heat shocked at 42�C for 3 minutes. 
0.8 ml LB medium was added to the cells and 
the cells were allowed to grow at 37®C for 45 
minutes. 5% and 10% of the cells were plated 
on LB plates containing SO/xg/ml ampicillin, 
18 
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2.1.5 Screening of the Expressed Clones 
% 
After transformation, there would be a 
lot of transformants which do not carry the 
correct sequence, for example, double linker 
insertion, opposite insertion of the linkers 
etc. In order to screen out the target 
plasmid, a number of transformants were 
picked and their plasmid DNA prepared. 
According to the restriction enzyme digested 
pattern the correct clone was selected. 
Table 2.1 summarized the restriction enzymes 
used for screening the different types of 
constructs prepared in this thesis. 
. z 
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Table 2-1 Restriction Enzymes Used for Screening of 
Different Expression Plasmids for GH 
CONSTRUCTED RESTRICTION ENZYMES USED AND SIZE OF 
PLASMID FRAGMENT USED FOR SCREENING 
pKgcGH2 Screen for 1 kb insert by EcoRI and PstI 
double digestion. 
pKgcGH2-17 Screen for 1 kb insert by EcoRI and PstI 
double digestion. Confirm orientation 
of the synthetic fragment by sequencing 
the joint. 
pSD78 Screen for 200 bp insert by BamHI 
digestion. 
Confirm orientation of the cistron 
linker by sequencing the N-terminal of 
the cDNA. 
pLl, pL2, The linker vectors were screened by 
pL4 existence of Ncol site. 
pKK/pUC Screen for 4.1 kb fragment by EcoRI 
vector digestion (linearized the vector 
plasmid) 
Confirm the hybrid vector by Pvul and 
PvuII double digestion and using pKK233-
2 vector as control. The hybrid vector 
should give the same larger fragemnt as 
pKK233-2 vector, but the smaller 
fragment from the hybrid vector would be 
1.4 Kb in comparison to 1.6 Kb from the 
control vector. 
pp5 Screen for 1 kb insert by EcoRI and PstI double digestion. 
Confirm the clone by sequencing the 
joint. 
ppA, ppl. Each screen for 1 kb insert by BamHI and 
ppQ PstI double digestion. 
ppADH4 Screen for 1.3 kb insert by EcoRI and PstI double digestion, 
ppSP14 Screen for linearized vector of 5.4 kb 
by Ncol digestion. 
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2.1.6 Sodium Dodecyl Sulphate-Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) 
SDS-PAGE was carried out according to 
the method of Laeminli (1970) with a 
separation gel of 15% to 20%. For routine 
analysis, the Phast system from Pharmacia was 
used. The advantages of using the Phast 
system was the convenience of precast gel and 
easy of handling. Western Blot analysis, the 
mini-protean II dual slab cell from Bio-Rad 
was used. The size of the mini-gel was 5 cm x 
8 cm. The advantages of using mini-gel were 
economical and convenient. For fine 
separation of the expressed protein, 
conventional vertical gel was used. The size 
of the vertical gel was 12 cm x 16 cm. This 
gel was good for densitometer integration. 
2.1.7 Western Blot Analysis 
After SDS-PAGE, the proteins were 
electro-transferred to nitrocellulose paper 
(Schleicher and Schuell) by a semi-dry 
electoblotter according to the procedure 
recommended by Ancos. The blotted membrane 
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was saturated with 5% non-fat milk powder in 
phosphate buffer saline (PBS; O.OIM NaaHPO*, 
0.15M NaCl) with 0.1% Tween 20 (PBST buffer) 
for 1 hour at room temperature. The membrane 
was then transferred to the first antibody 
solution which contained an antiserum from a 
rabbit immunized with a natural grass carp 
growth hormone(n-gcGH) designated as Rb3. 
The working dilution for Rb3 was 200 fold in 
PBST (O.OIM phosphate buffer, 0.15M NaCl and 
0.1% Tween 20) milk buffer. The membrane was 
incubated at 4�C overnight. Afterwards, the 
» 
membrane was washed with PBST buffer 
(phosphate buffer saline with 0.1% Tween 20) 
for 10 minutes 3 times. The membrane was 
incubated with a second antibody for 1 hour 
at room temperature with shaking. The second 
antibody used was goat anti-rabbit IgG 
conjugated with alkaline phosphatase (Bio-
Rad). The working dilution was 2000 fold in 
PBST milk buffer. The membrane was washed 
with PBST buffer again for 10 minutes 3 
times. At this stage, the membrane was ready 
for colour detection. Before colour 
development, the membrane was rinsed with 
0.15M barbital acetate buffer pH 9.6. The 
substrate buffer was prepared freshly and it 
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consisted of 100 nl buffer A (5 mg/ml 5-
bromo-4-chloroindoxyl phosphate)• 1 ml buffer 
B (1 mg/ml nitro blue tetrazolium in 0.15M 
barbial acetate buffer) and 20 /xl buffer C 
(2M magnesium chloride)• The developing time 
was about 10 to 15 minutes. 
2.2 Purification Procedures 
2.2.1 Growing Up the Cells in Large Scale 
A single clone of pp5 was first 
inoculated in 100 ml LB medium with 100 ug/ml 
ampicillin and cultivated at 30®C overnight. 
The overnight culture was then inoculated 
into 800 ml LB ampicillin medium and the 
cells were allowed to grow at 3 0�C for another 
overnight. The shaking speed was set at 250 
rpm. This 800 ml culture was then seeded 
into 8 litres of LB ampicillin medium in a 12 
litre fermenter (BTE, China)• Expression of 
r-gcGH was induced by culturing the cells at 
37�C for 5 hours with a stirring speed of 250 
rpm and constant aeration. 
2.2.2 Harvesting of Cells from Large Scale Culture 
The 8 litres cell culture was 
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concentrated by a continuous flow rotor 
(Sorvall SS-34 rotor, Dupont) at 8000 rpm 
until the culture medium was clear. Cells 
were harvested in centrifuged tubes. A 
second method for collection of cells was by 
ultrafiltration using a Pellicon 0.22 um 
cassette (GULP00005, Millipore) to initially 
reduce the culture volume down to 600 ml and 
then the cells were pelleted by high speed 
centrif ligation • 
2.2.3 Sonication of the Cells 
The cell pellet was evenly suspended in 
sonication buffer (SOmM Tris pH 8, 1 mM EDTA, 
0.3M NaCl) at a concentration of 0.25 gm/itil 
wet weight. The cell suspension was 
sonicated by a Sonicator Cell Disrupter, 
(Heat Systems W200R) , 50 ml at a time. The 
sample was sonicated at the maximum intensity 
for 3 minutes and cooled on ice for 3 
minutes. This step was repeated 5 times. The 
sample was checked for complete cell lysis as 
well as DNA break down by monitoring the 
viscosity of the sample solution. 
V 
2.2.4 Washing of the Inclusion Bodies 
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The sonicated sample was centrifuged at 
8000 rpm for 30 minutes to pellet the 
inclusion bodies. The inclusion bodies were 
resuspended in IM sucrose by stirring at 4®C 
for 1 hour and then centrifuged at 8000 rpm 
for 30 minutes to remove low density 
particles precipitated with the inclusion 
bodies. 
In order to remove the membrane proteins 
in the pellet, the inclusion bodies were 
stirred in a Triton solution (1% Triton X-
100, 50 mM EDTA pH8) at 4�C overnight and 
centrifuged at 8000 rpm for 30 minutes. 
Finally the pellet was further washed with IM 
guanidine hydrochloride in 50 mM Tris-HCl (pH 
8) buffer and centrifuged at 8000 rpm for 30 
minutes. The inclusion bodies were washed in 
10 ml buffer per gram cell in each step. 
2.2.5 Solubilization of the Inclusion Bodies 
The inclusion bodies were solubilized in 
8 M guanidine hydrochloride in 50 mM Tris-HCl 
(pH 8) in the presence of 1 mM 
betamercaptoethano1 and stirred at room 
temperature for 3 days. The volume of 
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solubilization buffer was 8 ml per gram 
cells. 
2.2.6 Renaturation of r-gcGH 
2.2.6.1 Step Down Dilution Method 
The solubilized protein was renatured by 
dialyzing out the denaturant with two volumes 
of renaturing buffer (50 mM ammonium 
bicarbonate pH 8.0) at 4�C for 6 hours with 
three changes of buffer. The renaturation 
was completed by extensive dialysis at 4®C for 
two days.The dialyzed solution was then 
centrifuged at 13000 rpm for 30 minutes to 
remove insoluble materials. The renatured r-
gcGH was in the supernatant and it was 
regarded as a semi-purified product. 
2.2.6.2 Rapid Dilution Method 
The solubilized protein was renatured by 
rapid diluting the denaturant with 80 volumes 
of renaturing buffer (50 itiM ammonium 
bicarbonate, pH 8.0) at room temperature with 
stirring(Lin et al.,1989). The sample was 
pumped into the buffer drop by drop. After 
the dilution, the sample was clarified by 
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ultrafiltration (Pellicon Cassette System, 
Millipore) through a 0.2 um filter, followed 
by a lOOK molecular weight cutoff Pellicon 
Cassette (PTHK 00005, Millipore). The r-gcGH 
was then concentrated from the clarified 
sample using a 3OK molecular sieve filter 
(PTTK 00005, Millipore). 
» 
2.2.7 Separation by Reverse Phase Chromatography 
2.2.7.1 Octadodecylsilica (ODS) Column Separation 
Twenty gram ODS Porasil (15-20 um, 125A, 
Millipore) was packed into a column (3.14 cm^ 
X 15 cm)• The column was washed with 100 ml 
0.1% trifluoroacetic acid (TFA) in 
acetonitrile (AcN) and then 100 ml phosphate 
buffer saline (PBS) (pH 7.5). The semi-
purified r-gcGH was allowed to cycle through 
the ODS column at 4®C overnight using a 
peristaltic pump. Afterwards, the column was 
washed with 100 ml PBS (pH 7.5) followed by 
100 ml 0.1% TFA and 100 ml 0.1% TFA in 30% 
AcN. R-gcGH was eluted by 3 consecutive 
washing with 20 ml o.l% TFA in 70% AcN. This 
fraction was mixed with equal volume water to 
bring down the AcN content to 35% and was 
dried by lyophilization. 
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2.2.7.2 Fast Performance Liquid Chromatography (FPLC, 
Pharmacia) 
The solid powder obtained from the ODS 
column was dissolved in a minimum volume of 
0.1% TFA and subjected to FPLC on a reversed 
phase column (PepRPC HR5/5, Pharmacia) at a 
flow rate of 1 ml/min. A linear gradient of 
acetonitrile in 0.1% TFA was used. The 
gradent profile is shown in Table 2-2. Buffer 
A was 0.1% TFA in water and buffer B was 0.1% 
» 
TFA in acetonitrile. 
\ 
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Table 2-2 Gradient Profile for r-gcGH Separation on FPLC 
PepRPC HR 5/5 column 
I Retention Time (min) Percentage of Buffer B 
0-15 0 
15-30 30 
30-65 30 to 100 
65-70 100 
70-75 100 to 0 
75-85 0 
\ 
2.3 Characterization Methods 
2.3.1 Radioimmunoassay 
2.3.1.1 lodination of r-gcGH 
Preparation of lodogen Tube: 
One mg iodogen was dissolved in 25 ml 
dichloromethane. 50 ul was transferred to a 
1.5 ml microcentrifuge tube and dried at 60°C 
for 2 hours. The iodogen coated tubes could 
be kept and stored at -20�C for one month. 
lodination Reaction: 
One ug r-gcGH in 50 ul water was mixed 
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with 10 ul 0.15M phosphate buffer (pH7.5) and 
lOul radioactive sodium iodide (Nal^^) in an 
iodogen coated tube.The reaction was allowed 
to proceed at room temperature for 11 
minutes. At the end, 0.5 ml PBS (pH 7.5) was 
added to the reaction tube and the reaction 
mixture was transferred to a new tube and 
incubated for another 5 minutes at room 
temperature. 
Pre一prime Cartridge (SEP-PAK^ Waters): 
A new Sep-pak cartridge was pre-
saturated with 10 mg BSA in 1 ml PBS. It was 
then washed with 10 ml PBS, 10 ml 0.1% TFA , 
10 ml 0.1% TFA in acetonitrile, 10 ml 0.1% 
• ..-Z 
‘ TFA and 10 ml PBS. 
Separation of the iodinated r-gcGH by SEP-
PAK: 
The iodination reaction mixture was 
loaded onto the prewashed Sep-pak column 
slowly by means of a syringe. The column was 
washed 5 times with 10 ml 0.1% TFA. 
Iodinated r-gcGH was eluted with 5 washes of 
1 ml 0.1% TFA in 60% AcN. The five eluted 
fractions were saved and kept separately. The 
fractions with the highest activity was used 
as the tracer in the radioimmunoassay. 
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2.3.1.2 Binding Assay 
An antiserum against n-gcGH (kindly 
provided by Dr. R.Peters of the University of 
Alberta) was diluted to 5000 fold with RIA 
buffer (1% BSA, 0.1% Triton X-100 and 0.1% 
thimerosal in PBS pH 7.5) . The tracer (工队r-
t 
gcGH) was diluted with RIA buffer to give 
about 40000 cpm per 100 ul. Purified n-gcGH 
dissolved in RIA buffer at concentrations of 
100 ng, 50 ng, 25 ng and 12.5 ng per 100 ul 
were used as standards in RIA.For each assay 
tube, 100 111 diluted antiserum, 100 /xl tracer 
(iodinated r-gcGH ) and either 100 ul RIA 
buffer for maximium binding, or lOOul cold n-
gcGH for standard curve,or lOOul sample for 
detection of r-gcGH, were mixed and incubated 
at 4�C overnight. Bound 1-125 r-gcGH was 
» 
separated from free by second antibody 
precipitation. 30 ug rabbit IgG (Antibodies 
Incorporated) in 100 ul RIA buffer and 100 ul 
10 fold diluted goat anti-rabbit IgG 
(Antibodies Incorporated)in RIA buffer were 
added to each assay tube and incubated for 
another overnight at 4®C. After the addition 
of 1 ml ice cold PBS (pH7.5) , the reaction mix 
was centrifuged at 4000rpin for 30 minutes to 
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pellet the precipitate. The supernatant was 
carefully pipetted off and the radioactivity 
in the pellet was then counted in a gamma 
counter(Kontron Gamma Counting System)• 
2.3.2 Preparation of Anti-r-gcGH Serum 
One ml FPLC purified r-gcGH (50ug/itil) 
was mixed with 1 ml complete Freund‘s 
Adjuvant (Sigma) • One ml of the mix was 
injected at multi-sites on the back of a 
rabbit. Two weeks later, 1 ml FPLC purified 
r-gcGH (50ug) was mixed with 1 ml incomplete 
Freund丨s Adjuvant (Sigma) and 1 ml of the 
mixture was injected as before per rabbit. 
The injection was repeated for two more times 
at biweekly intervals. After the third and 
fourth injections, the serum of the rabbit 
was sampled and tested for binding activity 
using I*站-r-gcGH • The binding assay was the 
same as described in section 6.2.1.2. 
However the sampled serum was first diluted 
to 1000,2000,4000 and 8000 fold with RIA 
buffer to test the titre of the antibody. 
2.3.3 Determination of Amino Acid Composition and 
N-terminal Sequence of r-gcGH 
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Purified samples were lyophilized and 
sent to the Molecular Biology Resource 
Facility of Saint Francis Medical Research 
Institute, University of Oklahoma Health 
Sciences Center for analysis of amino acid 







3,1 Construction of Recombinant Plasmids 
3.1.1 Basic Construction of Plasmid Producing Grass 
Carp Growth Hormone in E. coli 
The nucleotide sequence of the cDNA insert 
carried on the plasmid pgcGH104 (Fig 3-la) shows 
that it contains the entire coding sequence of pre-
gcGH as well as nucleotides corresponding to both 
the 5 丨 and 3 丨 untranslated regions of the gcGH 乂 
iiiRNA. To synthesize mature gcGH, the first 102 
nucleotides comprising the 5‘ untranslated region 
plus the signal peptide sequence and part of 3 • 
noncoding regions were removed (Fig 3-lb)• To put 
a start codon in front of the mature gcGH cDNA, a 
12-mer Ncol linker was ligated to the Haelll/ Sad 
I 
fragment (Fig. 3-2) • By doing so, an extra 
methionine and alanine were added to the mature 
gcGH. The expression vector pKK 233-2 (Amann and 
Brosius et al •, 1985) which carried the trc 
promoter, SD region, ATG initiation codon and 





After ligation, the jnet-ala-gcGH cDNA was 
inserted into the pKK233-2 plasmid between the Ncol 
and PstI sites. Transfections of JM109 cells with 
the pKgcGH2 plasmid rendered the cells to produce 
gcGH which could be detected by Western blot but 
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Fig.3-2 Strategy for construction plasmid producing 
gcGH in 五.coli.pKK233-2 is an expression vector carrying 
trc promoter,SD sequence,ATG start codon and rrnB 





3.1.2 N-terminal Modification of gcGH cDNA 
In order to increase the translation 
efficiency of the plasmid pKgcGH2, part of the 5, 
terminus of the gcGH cDNA was modified by using 
synthetic DNA to make degenerated codon 
substitutions. The synthetic DNA contained the 
sequence corresponding to the first 16 codons of 
the mature gcGH (Fig 3-3) . Nine of the codons were 
changed to E. coli preferred ones. The 
construction of pKgcGH2-17 is described in Fig 3-4. 
n-gcGH 5 ‘ end cONA.: ATG GCC TCA. GAG AAC GAG CGG CTC TTC AAC AAC GCA GTC ATA CGT 
met ala ser glu asn glu arg leu phe asn asn ala val ile arg 
* * * * * * * * * ^ 
modified-gcGH : ATG GCT TCT GAA AAC CAA CGC CTG TTC AAC AAC GCG GTA ATC CGT 
5'end cDNA. 
Fig 3-3 Comparison of codons between the natural and 
the modified grass carp growth hormone 5•end 
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3.1.3 Construction of a Short "Dummy" Cistron at 
the 5" End of gcGH cDNA 
A synthetic cistron linker was inserted 
at the 5'end of gcGH cDNA of plasmid pKgcGH2-
17 using the first Ncol site. This cistron 
linker contained a start codon ATG within the 
Ncol site, a BamHI site, an SD region and a 
termination codon TAA (Fig3-5a)• In this 
system, the short dummy cistron provided a 
sequence for the efficient initiation of 
translation by improving the attachment of 
the ribosome to the gcGH mRNA. The 
construction of this expression plasmid is 
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Fig.3-5 (a) Nucleotide sequence of cistron linker 
(b) Construction of a short "dummy" cistron at 




3.1.4 Optimization of Distances between Ribosomal 
Binding Site and Initiation Codon 
Another way to improve translation 
efficiency is to optimize the spacing between 
the SD sequence and the initiation codon. 
Three linkers having EcoRI and Ncol ends and 
spacing of 15,14, 13 basepairs (Fig 3-6a) 
were used.Expression vector pKK 223-3(Brosius 
and Holy et al.,)purchased from Pharmacia, 
which is very similar to pKK 233-2 (Amann and 
Brosius et al., 1985), was used for these 
constructions (Fig 3-6b)• 
z 
pLl "AGGAAACAGAATTTTTTCCATG- modified gcGH 
pL2 -AGGAAACAGAATTTTTCCATG- modified gcGH 
pL4 -AGGAAACAGAATTCCCCATG- modified gcGH 
Fig 3-6a nucleotide sequence of the spacing 
region between SD sequence and ATG start 




/ EcoRI Ncoi EcoRI Ncol EcoRI 
/ pKK223-2 ) r 
4 - P Linker 1 AATT TTTTC AATT TTTTC CATG GAAAA 
AAAAG GTAC AAAAG GTAC CTTTT TTAA 
V y 
N. y kinased the 
Ncol end 
Linker 2 AATT TTTC • A A T T TTTC CATG GAAA 
J EcoRI AAAG GTAC ,• AAAG GTAC CTTT TTAA 
T4 DNA ligase 
f ^ F AATT CCC CATG GGG 
Linker 4 AATT CCC GGG GTAC CCC TTAA 
Y 的 8 5 j E GGG GTAC 
I 
T4 DNA ligase 
T 
/ vector y pKgcGH2-l 7 
with different gcGH cDNA 




y^ T4 DNA ligase 
p L T ^ ^ Spacing linker 
/ pL2 ^ N 
^ cDNA similar to pKgcGH2-17 
\ 5385 / 
Fig,3-6(b) Optimization of distance between ribosome 
binding site and initiation codon 
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3.1.5 Increasing Expression Level by Increasing 
Plasmid Copy Number 
The replication origin of expression 
vector pKK233-2 was replaced by that of 
cloning vector pUC19 and the resultant 
plasmid was designated as pp vector (Fig 3-
7) • pp vector was used to construct 
expression plasmids (pp5, pplA, pp2I, pp4Q) 
which were based on the previous 
constructions and the difference in these 
plamids was the replacemnt of the replication 
origin. The derivation of pp plasmids is 
shown in Table 3-0. The construction of pp5 
/ 
is shown in Fig 3-8 and pplA, pp2I, pp4Q are 
in Fig 3-9. 
Table 3-0 Derivation of pp plasmids 
Previous constructed plasmids pp expression plasmids 
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Fig.3-7 Incrasing copy number of expression vector 
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Fig.3-9 Modification of pL(n) plasmids by replacement 
with pUC replication of origin 
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3.1.6 optimizing the High Density Expression by 
Changing the Promoter 
\ 
The entire promoter region together with 
the SD sequence of the pADH8 (Chen and Lin et 
al., 1991)was synthesized by PGR technique. 
The trc promoter of plasmid pp5 was replaced 
by the synthesized promoter sequence. The 
construction of ppADH4 is shown in Fig 3-10. 
3.1.7 Construction of Excretion Plasmid for gcGH 
Production from E. coli 
An enterotoxin estA4 signal peptide 
/ 
sequence was added to the 5‘ terminus of the 
modified gcGH cDNA by PGR technique (Fig 3-
11a) • Probe B was a halt primer 
complementary to the middle sequence of the 
gcGH and the start primer was complementary 
to the 5» terminus of the gcGH cDNA as well 
as carrying part of the signal peptide 
sequence. Using three overlapping primers, 
the complete enterotoxin estA4 signal peptide 
was engineered in front of the gcGH gene. 
The detailed construction of ppSP14 is shown 
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Fig.3-10 Changing the trc promotor to adh promotor for 
construction of a high cell density expression plasmid 
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N-terminus of gcGH cDNA 
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Fig,3-11 (a) Addition of enterotoxin estA 4 signal 
sequence to 5 • terminus of modified gcGH cDNA. 
(b) Construction of excretion plasmid. 
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3.2 Quantitation and qualitation of r-gcGH expressed in 
E.coli 
The plasmids constructed above were introduced 
into E.coli JM109 (Yanisch-Perron et al. 1985)• 
The transformants were plated on LB ampicillin agar 
% 
plates. For each construction, transformants were 
screened for certain restriction site or particular 
restriction enzyme digestion pattern. Those 
screened potential clones were cultured in LB 
ampicillin medium at 37�C overnight and 1 mM 
isopropyl jS-D-thiogalactopyranoside (IPTG) was 
added to the culture next morning. Cells were 
allowed to grow for further 5 hours. 1 ml cultured 
cells were collected and lysed in lOO/xl sample 
buffer [Tris-HCl (pH 6.8), 2% SDS, 15% glycerol, 5% 
2-mercaptoethanol] and sonicated for 30 seconds. 
I 
The cell lysates were boiled for 5 minutes before 
analysis by SDS-PAGE. The gel was stained for 
proteins with Coomassie Brilliant Blue and scanned 
quantitatively with densitometer (LKB 2202 
Ultroscan Laser Densitometer) 
The expressed gene product was recognized by 
Western blot analysis (Beisiegel et al• 1982) as 
well as the size of the expressed protein in the 
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The expression of gcGH in E. coli was assayed 
several times to determine the level of expression 
for each plasmid. Fig 3-12a shows the SDS-PAGE 
patterns of the constructed plasmids. Fig 3-12b 
shows the Western blot analysis. Table 3-1 
summarizes the characteristics of each 
construction. Table 3-2 lists the expression level 
determined by densitometry• 
/ 
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Fig.3-12a SDS-PAGE analysis of the expression constructions. 
Lane 1, molecular marker from Pharmacia；lane 2, pKK233-2； 
lane 3, pKK223-3;lane 4, pp vector；lane 5, pKgcGH2； 
lane 6, pKgcGH2-17;lane 7, pSD78;lane 8, pLl；lane 9, pL2； 
lane 10, pL4;lane 11, pp5;lane 12, pplA;lane 13, pp2I; 
lane 14, pp4Q;lane 15, ppADH4. 
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卜 r-gcGH 
Fig.3-12b Western blot analysis of the expression 
constructions.Lane 1, pKK233-2；lane 2, pKK223-3; 
lane 3, pp vector；lane 4, pKgcGH2；lane 5, pKgcGH2-17; 
lane 6, pSD78;lane 7, pLl；lane 8, pL2;lane 9, pL4; 
lane 10, pp5;lane 11, pplA;lane 12, pp2I;lane 13, pp4Q; 




Table 3-1 Summary of Different Recombinant Plasmids 
Synthesizing Recombinant gcGH. 
PLASMIDS PROMOTER REPLICATION FRONT-END NUCLEOTIDE SEQUENCE ORIGIN 
pKgc6H2 trc pBR322 S/D AGGAAACAGaCCATGGCT - MRTORB gcGH (D 
pKgcGH2-17 tare pBR322 S/D AGGAAACAGACCATO -MODIFIED gcGH (ii) 
pSD78 txc pBR322 S/D 2MDS/D STOP CODON AGGftAACAGACCATGGGATCGGAGGATTAATTCATG - (il) 
pLl (15) t^ pBR322 AGGAaaOigaArTTTTTCCRTG - (i±) 
pL2 (14) t^ pBR322 AGGAanra/aaTTTTTCO^TG - (ii.) 
pL4 (13) tac pBR322 AGGananguaaTTCCCCRTG - (li.) 
pp5 trc pUC 19 game aa pKfGH2-17 
ppA (15) t^ pUC 19 sama aa pLl 
ppl (14) tac pUC 19 aaina aa pLZ 
ppQ (13) tac pUC 19 Sana aa pl.4 
ppADH4 JU3KE pUC 19 S/D ADH8 PROMOTER -AGGRGAGCATTCCATG - (ii) 
ppSP14 tae pUC 19 S/D AGGftAACAGAATTCAGGAGAGCATTATGMkgMUlTCaUCTXTtXTytMfTTTTC fyfgTq»Xt»OTCyTyTTCXCCtTlC~=�ii) 
The S/D region and initiator ATG codon are indicated by the solid 
underline( )• (i) is cDNA of gcGH consisting of 904 bp which 
contains the entire open reading frame, (ii) is modified gcGH in 
• which the first 42 bp at the 5 • end coding sequence is alternated 
to E. coll preferred codon. The "dummy" cistron coding sequence is 
indicated by the solid double underline t ).The spacing 
modification between SD region and ATG codon are indicated by the 
italic characters. The enterotoxin estA4 signal sequence is 
indicated by shadow characters.The only difference between the trc 
and tac promoter is the spacing between the -35 and -10 consensus 
sequence. The spacing in the tac promoter is 16 bp while that in 




Table 3-2 The Expression Level of Each Construction 
Plasmids Recombinant gcGH Recombinant 
as percentage of gcGH detected I 
total cell by Western blot 
proteins (1) 
pKgcGH2 nd + 
pKgcGH2-17 nd + 
pSD78 no expression -
pLl nd + 
pL2 nd + 
pL4 nd + 
pp5 19.6 + 
pplA 15.9 + 
I 
pp2I 18.6 + 
pp4Q 34.6 + 
ppADH4 25.7 + 
nd: not detectable by densitometry 





3.3 Effect of Isopropylthiogalactoside (IPTG) on Induction of 
Recombinant Grass Carp Growth Hormone in pp5 
Plasmids carrying the tac and trc promoter in 
the appropriate host (i.e. carrying lac repressor 
gene) • are regulated by the lac repressor and 
expression can be induced by the addition of 
isopropylthiogalactoside (IPTG). However,in our 
experiment,the induction effect was not obvious. 
Fig 3-13 shows that the addition of inducer 1 mM 
IPTG to pp5 culture has no significant effect on up 
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Fig.3-13.-Effect of IPTG on induction of pp5. 
Lane 1, +IPTG; lane 2, -IPTG; lane 3, +IPTG； 
lane 4, -IPTG. 
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3.4 Stability of Overproducing Strain pp5 during Continuous 
Culture 
t 
Clone pp5 which could produce recombinant 
grass carp growth hormone in high percentage of 
total cell protein could not grow at 37�C either on 
LB ampicillin agar plate or in LB ampicillin 
medium.This phenomenon will be discussed in the 
discussion chapter. However, the transformant 
could be grown at a lower temperature of 30�C, but 
at this temperature, no recombinant gcGH could be 
detected. Fig 3-14 shows pp5 could be continuously 
cultured at 30�C for several days with continuous 
supplement of ampicillin and induced to pijroduce 
gcGH at 37�C or 42�C. 
I 
• • . 
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Fig.3-14 Stability of pp5 during continuous 
culture at 30�c. 
Clone pp5 was cultured at 3 0�c for several days 
with supplement of ampicillin and induced to 
produced gcGH at 42�c at different time 
intervals.Lane 1, 30®c overnight culture；lane 2, 
induction after 1 day;lane 3, induction after 2 
days；lane 4, induction after 3 days；lane 5, 
induction after 4 days；lane 6, molecular weight 




3.5 Stability of Overproducing Strain ppADHj during 
Continuous Culture 
ppADH4 is another expression clone which gave 
a high level of expression similar to pp5 but not 
as unstable as pp5 at 37�C. This recombinant clone 
was continuously grown for 4 days at 37®C with 
continuous supplement of ampicillin and gave stable 
expression but did not increase cell number or 
expression level proportionally. Fig 3-15 shows 
the SDS-PAGE protein analysis of ppADH* during 
continuous culture. Table 3-3 lists the results of 
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Fig.3-15 Stability of ppADH4 during continuous culture 
at 37®c.Lane 1, 24 hr culture； lane 2, 42 hr culture； 
lane 3, 48 hr culture ； lane 4, 66 hr culture ； 
lane 5, 72 hr culture； lane 6, 96 hr culture and 
lane MK, molecular weight marker from Pharmacia. 
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TABLE 3-3 Results of continuous fermentation of ppADH4 
Culturing OD^ % of r-gcGH in 
Time(hr) total cell 
proteins(1) 
24 1.7 14 
42 1.72 14.3 
48 1.72 13.6 
t 
68 1.58 18.6 
72 1.23 17.5 
96 2.4 22 





3.6 Optimization of Culture Condition for High Level 
I 
Expression Strains,pp5 and PPADH4 
Clone pp5 
A single colony was picked and inoculated in 
LB ampicillin at 30�C overnight and was used to 
prepare 10% inoculum with fresh medium.This culture 
was induced at 37�C for production of recombinant 
gcGH. Fig 3-16 shows the SDS-PAGE results at 
different lengths of induction time. It was found 
that a 5-hour induction period was the optimum. 
I 
Clone ppADH4 
This clone was grown at 3 0°C overnight and 1% 
inoculum was prepared and continuously grown at 
37®C.Aliquots of the culture cells were taken at 
different time intervals and analysed with SDS-
PAGE. Fig 3-17 shows the expression levels at 
different time intervals.lt indicates that a 24-
hour induction period was the optimum. 
I 
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Fig.3-16 Expression of r-gcGH in pp5 at different length 
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Fig.3-17 Expression of r-gcGH in ppADH4 at different 




3.7 Purification Results 
3.7,1 Distribution of Recombinant Grass Carp Growth 
Hormone as Soluble and Insoluble Protein in E. coli 
The purification of r-gcGH was based on two 
expression plasmids pp5 and ppADH4 which gave about 
20% to 30% r-gcGH of the total cell protein 
determined by densitometer scanning. The r-gcGH 
was found to be concentrated in the pellet fraction 
as insoluble protein after sonication of E. coll 
cells and centrifugation to separate the insoluble 
protein from the soluble one. The Coomassie blue 
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3.7.2 Isolation and Cleaning of the Inclusion Bodies 
Since most of the r-gcGH in pp5 and ppADH4 
were in the form of aggregated protein or as 
inclusion bodies, they could be isolated by low 
speed centrifligation at 5000g for 30 minutes after 
disruption of the cells. By washing the inclusion 
bodies with IM sucrose, cell debris could be 
removed. In order to remove some of the membrane 
proteins, the inclusion bodies were washed with 1% 
triton X-100 and EDTA buffer at 4�C with stirring 
for overnight. Finally the pellet was washed with 
IM guanidine hydrochloride to solubilize additional 
• / 
contaminating proteins. Fig 7-2 shows the result of 
Coomassie Blue stained SDS-PAGE of total E. coli 
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Fig.7-2 Isolation of inclusion bodies. 
Lane 1, protein marker from Pharmacia； 
lane 2, total cell proteins;lane 3, pellet fraction; 
Lane 4, supernatant fraction；and 




3.7,3 Solubilization and Renaturation of r-gcGH 
The washed inclusion bodies were solubilized 
with a strong denaturing agent, 6M to 8M guanidine 
hydrochloride, in the presence of a reducing agent 
bet a-mer captoethano 1 for 3 days at room 
temperature. Most of the inclusion bodies could be 
dissolved in this condition and the undissolved 
particles were removed by high speed 
centr if ligation • 
The resulting clear supernatant was rapidly 
diluted with O.IM ammonium bicarbonate by 80 fold 
at room temperature (Lin et al 1989) . The 
renatured sample was concentrated by 
ultrafiltration as described in Materials and 
Methods. The semi-purified r-gcGH was kept at 4�C 
for storage. In addition to this, a second 
renaturation method was carried out by step down 
dialysis with O.IM ammonium bicarbonate. The 
precipitate which appeared during dialysis was 
removed by high speed centr if ligation. From the 
SDS-PAGE analysis, the precipitate recovered in the 
renaturation process contained denatured r-gcGH 
(result not shown)• 
Fig 7-3 shows the comparison of the two 
renaturation methods. The rapid dilution method I 
appeared to be a better choice for renaturation of 
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r-gcGH because it produced a better yield and 
cleaner preparation. However for large scale 
production ,the very large volume of sample needs 
to be handled after the 80 fold dilution may be 
awkward• / 
1 2 3 A 5 6 Marker 
— 
魏 雲 — . • 二： . s 
t i l •—•;•‘ 袖 二 ^ r-g-
Bef.FPLC Aft.FPLC 
Fig.7-3 Comparison of two renaturation methods. 
Lane 1, supernatant fraction from dialysis ; 
lane 2, supernatant fraction from 80 fold rapid dilution； 
lane 3, supernatant fraction from 50 fold rapid dilution； 
lane 4, FPLC purified fraction from lane 1; 
lane 5, FPLC purified fraction from lane 2; 
lane 6, FPLC purified fraction from lane 3. 
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3.7.4 Chromatographic Purification of r-gcGH 
The concentrated renatured sample was first 
purified on a coarse ODS column and the r-gcGH 
could be eluted with 70% acetonitrile in 0.1% TFA. 
The sample was redissolved in a minimum volume of 
0.1% trifluoroacetic acid and further purified by 
FPLC using a PepRPC HR5/5 (Pharmacia) column with 
a 30%—100% acetonitrile gradient (Fig 7-4)• All 
the peak fractions were collected and analyzed by 
SDS-PAGE (Fig 7-5)• From the SDS-PAGE result, the 
r-gcGH was concentrated and re-purified at the 50% 
to 55% acetonitrile fraction. The purified r-gcGH 
was kept either in lyophilized form at -20�C or 
dissolved in water and stored at Fig 7-6 
shows the densitometer scan of products obtained 
during different stages of purification, i.e. cell 
pellet to final purified r-gcGH. Table7-1 lists 
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Fig.7-4 Chromatograph of recombinant grass carp growth 
hormone on FPLC Pep RPC HR5/5 
Sample: Batch006/007 (3) r-gcGH partially purified 
from ODS column 
Run condition: Iml/min；gradient profile and buffer 
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. Fig.7-5 Purification of r-gcGH by ODS column and 
PepRPC HR5/5(FPLC,Pharmacia) .Lane 1 to lane 6 are peak 
fractions from FPLC.Lane 1, 0% acetonitrile (AcN) ； lane 2, 
30% AcN;lane 3, 40% AcN;lane 4, 50% AcN;lane 5 and lane 
e, purified r-gcGH;lane 7, semi-purified r-gcGH from ODS 
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Table 7-1 Purity of r-gcGH in each purification step 
\ ^ 
Purification Step Relative amount of r-
gcGH in each 
- purification step(1) 
Total cellular protein (pp5) 24.7% 
Pellet fraction of sonicated 37 .4% 
cell 
Triton X-100 washed inclusion 57.3% 
bodies 
IM guanidine hydrochloride 58% 
washed inclusion bodies 
t 
RPC-pep5 column purified r- 79% 乂 
gcGH 




3.8 Characterization Results 
3.8.1 Amino Acid Composition and N-terminal Sequence 
Determination 
The amino acid composition of the r-gcGH 
expressed in ppADH4 was in good agreement with the 
one deduced from the cDNA sequence (Table7-2)• The 
only unmatched amino acid was cysteine. This will 
be discussed together with the stability of the 
purified r-gcGH later. 
The first 15 amino acid sequence of the 
purified r-gcGH was exactly the same as the 
designed sequence (Fig 7-7) except the first 
methionine was missing.This amino acid was supposed 
z • 
to be encoded by the start codon ATG in the 
expression plasmid. The removal of the first 





Table 7-2 Amino Acid Composition of Recombinant Grass 
Carp Growth Hormone Expressed in ppADH4 
Amino Acid nmol/sample itiol% mol% measured deduced 
asp/asn 111.70 13.46 13.23 
thr 25.30 3.05 4.23 
ser 88.70 10.69 10.Q5 
glu/gln 97.60 II.IS IX.SA. 
pro 38.90 4.69 4.23 
gly 39.20 4.72 3.70 
ala 48.40 5.83 4.23 
*cys 5 3.17 
val 40.50 4.88 4.23 
met 16.90 2.04 2.65 
ile 36.30 4.37 4.76 
leu 115,20 13.88 13.76 
tyr 7.10 ^ 1 � 6 
phe 47.60 5.73 5.29 
lys 48.30 5.82 5.82 
his 13.20 1.59 1.59 
arg 50.20 6.05 5.82 
trp - _0 '53 
TOTAL 830.10 = = L = = 
* Amino acid whose composition was different from the 




N-terminal amino acid sequence determined from purified r-gcGH; 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Ala Ser Glu Asn Gin Arg Leu Phe Asn Asn Ala Val lie Arg Val 
Amino acid sequence deduced from gcGH cDNA: 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 
signal sequence- Ala Ser Glu Asn Gin Arg Leu Phe Asn Asn Ala Val lie Arg Val 
signal sequence was removed during construction of the expression plasmid 
Amino acid sequence designed in ppADH4: 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Met-Ala Ser Glu Asn Gin Arg Leu Phe Asn Asn Ala Val lie Arg Val 
Methionine was added during construction of ppADH4 
\ 
Fig 7-7 Comparison of N-terminal amino acid sequence of 




3.8.2 Immunological Property of r-gcGH 
The purified renatured r-gcGH was used as an 
antigen to induce antisera production in rabbits by 
multiple-site injection at biweekly intervals for 
two months. Afterwards the sera were sampled for 
radioimmunoassay (RIA)• The working dilution of 
the sera was 3000 to 5000 fold for antigen binding 
assay. Different concentrations of natural grass 
carp growth hormone (n-gcGH) was used to compete 
against iodinated r-gcGH. From the result of the 
RIA (Fig7-8), the n-gcGH could displace the 工直肚 
labeled r-gcGH in proportion with the 
concentration. This indicates thaj^ the r-gcGH and 
n-gcGH shared similar antigenic site. Another set 
of RIA experiment also provided evidence to 
indicate that the purified r-gcGH behaved as the n-
gcGH. An antiserum against n-gcGH obtained from 
R.Peters was used in a competitive binding assay 
and the results are shown in Fig. 7-9. The 
displacement behavior of the purified r-gcGH (batch 
006/7 (2) and (3) FPLC RPC-55% fraction) as well as 
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Fig.7-8 Competitive RIA using anti r-gcGH serum RB2 
Bo : maxium binding minus nonspecific binding 
B : sample binding minus nonspecific binding 
Antibody dilution : 1/3000 
Tracer : I�-r-gcGH 
% 
Competitor : n-gcGH 
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Fig.7-9 Displacement behavior comparion by RIA using 
anti-gcGH serum (Peters) 
Antibody dilution : 1/60000 
Tracer : I*过-r-gcGH 
Samples: 
Open circle : FPLC purified r-gcGH from batch 006/7(2) 
Open triangle : FPLC purified r-gcGH from batch 006/7(3) 




3.8.3 Physical Property of r-gcGH 
After the renaturation step, the bulk sample 
solution was concentrated by ultrafiltration. The 
bulk of r-gcGH was captured between a 10 OK and a 
3OK molecular seive filter. The size of r-gcGH was 
much bigger than the expected value of 2 IK. 
Moreover, when the renatured r-gcGH was subjected 
to gel filtration on a FPLC Superose 12 column, 
most of the r-gcGH appeared in the void volume 
fraction. This indicates that the r-gcGH was in 
aggregated form. 
3.8.4 Stability of r-gcGH 一 
The purified r-gcGH was normally stored as 
I 
lyophilized powder at -20°C or dissolved in water 
and kept at -70�C. However, under these standard 
conditions of storage, an extra fast migrating band 
other than the original 2 IK band can be observed 
after a period of storage. Western blotting also 
showed similar results (Data not shown)• When the 
stored r-gcGH was incubated in a redox system 
consisting of reduced and oxidized glutathione 
overnight at 4�C, the fast moving band disappered 
and the original 2IK band could be restored (Fig7-
10) • This indicates that the faster migrating band 
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was not a degraded product but a modified r-gcGH. 
Since this phenomenon could be corrected by 
treatment with a redox system, it was suspected 
that certain cysteine group might have been 
modified during storage. 
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Fig. 7-10 Regeneration of 21K molecular weight band after 
redox treatment. Lane 1, protein molecular weight marker ； 
lane 2, crude r-gcGH in cell lyzate;lane 3, purified r-gcGH 





3.9 Expression and Purification of r-gcGH in Excretion 
Vector ppSP14 
ppSP14 was introduced into E. coli JM109. The 
‘ transformant was cultured in LB ampicillin medium 
at 30�C overnight. For induction, 10% inoculum was 
cultivated at 37�C in the presence of 1 mM IPTG for 
24 hours. The cultured medium was purified by 
stepwise filtration. The medium was first filtered 
through a 0.2um membrane to remove particles. Then, 
it was further sized through a lOOK membrane and 
% 
then finally through a 3OK membrane. The filtrate 
from the 3 OK membrane was concentrated by 
lyophilization and subjected to FPLC Superose 12 
gel filtration. Since the amount of expressed r-
gcGH in the medium was very low, the purification 
was monitored by a more sensitive method, viz, 
radioimmunoassay. The FPLC chromatograph of the 
3 OK filtrate is shown in Fig. 7-11. A peak 
containing GH immunoreactive substance can be 
observed at a retention time of 27 min 
corresponding to a molecular weight of roughly 26K. 
This indicates that a secretory product resembling 
GH is being expressed by ppSP14. Whether this 
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Fig.7-11 Chromatograph of FPLC Superose 12 on ppSP14 







4.1 Evaluation of the Expression Strains 
In this study, five methods have been used to 
increase expression level of the r-gcGH in E. coli 
based on the primary expression plasmid. Three 
promoters and two replication origins were used in 
these constructions. One method had been used to 
overcome the inclusion body formation problem. The 
effects of these constructions on the level of 
一 expression will be discussed individually. 
4.1.1 Strain pKgcGH 2 
Strain pKgcGH2 was the first basic vector 
constructed to express recombinant grass carp 
growth hormone (r着gcGH) • Although vector pKK 233-2 
provides a strong regulated trp-lac fusion 
promoters;i.e. trc promoter and the lac Z ribosome-
binding site; the expression level of r-gcGH was 
very low. Similar expression level of tuna growth 
hormone using expression plasmid pKK233-2 as vector 
was reported by Sato et al. (1989)• The expressed 
88 
Discussions 
r-gcGH of pKgcGH2 was insoluble even though the 
efficiency of production was not high. 
4.1.2 Strain pKgcGH 2-17 
This construction was supposed to reduce stem 
loop structure of the front-end coding sequence and 
increase the chance of translation by using E. coli 
% 
preferred codons. However, the expression of r-
gcGH in this plasmid was only marginally better 
than pKgcGH 2. This indicates that the key factor 
for low expression level may not be caused by the 
steric hindrance nor lack of t-RNA in E. coli to 
recognize the native fish cDNA codons. 
4.1.3 Strain pSD78 
From the result of Western Blot analysis, 
strain pSD78 did not express r-gcGH at detectable 
level at all. The addition of a short "dummy" 
cistron did not favor the continuous translation 
into the 'real* cistron, i.e. the gcGH gene, but 
rather it favors the reinitiation of translation 
for the short "dummy" cistron. Since only one 
cistron linker design was examined in this study, 
the merit of using a double cistron to improve 




4.1.4 Strains pLl, pL2 and pL4 
Four linkers were originally used in the 
construction, but only three could give rise to 
stable transformants. However the expression 
levels were not improved by this optimization of争 
the distance between ribosomal binding site and the 
initiation codon. 
4.1.5 Strains pp5, pplA^ pp21# PP4Q 
By increasing the copy number of the 
expression plasmids, the level of r-gcGH could 
achieve up to 20 to 30 percent of total cellular 
proteins at growing temperatures of 37�C to 42�C. 
Since the copy number of the plasmids is 
temperature dependent, expression can be suppressed 
by keeping the culture at lower temperature. At 
higher temperatures, such as 37�C, the cells did 
not grow well if the culture was maintained for 
more than five hours. This may be due to 
uncontrollable expression of the r-gcGH gene which 
is unfavorable to the host cells. Amongst all the 
modifications tried, increasing expression by high 
copy number plasmid has been most effective. 
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4.1.6 Strain ppADH4 
ppADH4 was constructed using the anaerobic 
inducible adhE promoter(Lin and Chen,1991). 
Expression of r-gcGH gene driven by this promoter 
was expected to occur when cell density reaches 
such a level that oxygen becomes depleted. This is 
the reason why long periods of fermentation (e.g. 
96 hours) were used in this study. As cells 
harbouring ppADH4 grow up to 96 hours, the 
existence of r-gcGH inclusion body was apparently 
not toxic to the host cells and r-gcGH inclusion 
body was relatively stable in the cytoplasm. On 
short incubation, the adhE promoter could 
apparently be also induced aerobically and gave 
high level of expression. The detailed conditions 
in which the adhE promoter can optimally be induced 
are still being investigated. 
4.1.7 Strain ppSP14 
Western Blot analysis of a sample concentrated 
from 10 ml of ppSP14 culture medium indicated the 
presence of r-gcGH. Preliminary results from RIA 
also show a very small amount of soluble r-gcGH 
secreted into the medium by ppSP14. Analysis of 
% 
total cell fraction (data not shown) indicated that 
91 
Discussions 
a large proportion of r-gcGH was in insoluble form. 
Since ppSP14 is also a high copy number plasmid and 
the rate of secretion is lower than the rate of 
synthesis, a large amount of r-gcGH would be 
expected to accumulate in the cytoplasm forming 
inclusion bodies. The possibility that there may be 
soluble r-gcGH trapped in the periplasm is being 
studied. If a higher percentage of soluble r-gcGH 
is secreted, the plasmid PPSP14 will provide an 
alternative system for producing r-gcGH whereby 
refolding can be avoided. 
4.2 Bisulphide Bond Formation during Refolding Process 
Two renaturation methods were used in this 
study. One was rapid dilution and the other was 
step down dialysis. In both methods, no thiol 
reagent was present to promote disulfide bond 
I 
formation. Marston (1986) suggested that thiol-
disulphide interchange could be promoted by free 
thiol groups in the recombinant polypeptide and 
the folding of a protein is determined by its 
primary amino acid sequence. However, in the 
renaturation of recombinant proteins, a lot of 
misfolding may occur and this will affect the yield 
of the final product. In the case of the r-gcGH, 
the yield was very low. Since the disulfide bond 
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formation is very critical and important for GH to 
refold, we have tried two renaturation experiments 
to solve this problem. 
4.2.1 Renaturation in the Presence of L-arginine and 
Thiol Reagent in Oxidized Form 
L-arginine is used as a labilizing agent to 
preferentially destabilize wrongly folded 
structures while the correctly folded species 
remain relatively unaffected. The addition of 
» 
labilizing agent allows the reshuffling of 
molecules being trapped in nonproductive side 
reactions (Buchner and Rudolph, 1991)• The 
oxidized form of glutathione can promote correct 
disulfide bond formation by thiol disulfide 
interchange. In our study, we have tried to 
renature the r-gcGH in 0.4M L-arginine and 4 mM 
oxidized glutathione for 150 hours at Although 
we did not have quantitative data, our impression 





4.2.2 Renaturation in the Presence of Thiol Reagent 
and 3M Guanidine Hydrochloride 
The reduced and oxidized form of glutathione 
can reach a redox equilibrium in the renaturing 
buffer. This can be used to speed up disulfide 
bond interchange and therefore the chance of 
correctly linked disulfide bonds can be increased. 
3M guanidine hydrochloride has been reported to be 
strong enough to prevent aggregation of hGH,but too 
weak to unfold the protein completely.In this 
condition, disulfide bonds can break and form 
freely without interference from aggregation 
(Mitraki and King 1989). The r-gcGH was renatured 
in the presence of 0.2 mM oxidized glutathione, 2 
mM reduced glutathione and 3M guanidine 
hydrochloride for 36 hour at 4�C. The soluble r-
gcGH obtained from this system was higher than the 
two systems presented in the Result Section where 
no thiol reagents were added. 
4.3 Stability of the Recombinant Grass Carp Growth 
Hormone 
An extra band migrating in front of the 
original 2IK band has been consistently observed 
94 
. Discussions 
when r一gcGH was stored over a period of time. The 
same purified r-gcGH before storage gave only a 
single 2IK band on SDS-PAGE analysis. This extra 
band could be corrected when the stored r-gcGH was 
incubated in a redox system consisting of reduced 
and oxidized glutathione. This indicates that the 
cause of this band shift may be due to the 
modification of the cysteine residues. Since 
mercaptoethanol was present in the SDS-PAGE buffer, 
it was unexpected that the cysteine groups in the 
r-gcGH was involved. Nevertheless, it has been 
observed that mercaptoethanol may not have enough 
reducing power to convert all disulfide to free 
sulfhydral groups in certain proteins. 
The use of osmolytic stabilizers, such as 
glycerol and mannitol can stabilize the hydration 
shell and protect the protein against aggregation. 
Reductants such as 2-mercaptoethanol, 
» 
dithiothreitol and glutathione can protect free 
sulfhydryls from oxidation and prevent 
intermolecular sulfhydryl crosslinking (Schein C.H. 
1990)• The effect of these stabilizers can be 
tested in our system in the near future. 
Cysteine was nearly absent in the amino acid 
composition analysis of a purified sample of the r-
gcGH. An explanation for this finding is that all 





during storage and amino acid analysis. If trace 
amount of oxygen was present in the hydrolysis mix, 
cysteine can be oxidized to cysteic acid and the 
standard amino acid analysis method cannot detect 
it accurately• 
4.4 Future Studies 
In this study, the recombinant grass carp 
growth hormone (r-gcGH) was successfully expressed 
I 
at high levels in E. coli using high copy number 
expression vector. Purified r-gcGH was obtained 
and characterized with respect to its immunological 
reactivity as well as amino acid composition and 
partial N-terminal sequence. 
The biological activity of the purified and 
semi-purified r-gcGH will be further tested in the 
grass carp and other fishes. The classical 
bioassay for GH involves repeated injection of the 
hormone and simultaneously measuring length and 
weight gain of the fish over a period of 3-12 
% 
weeks. Recent studies show GH can enhance the 
peripheral conversion of thyroxine (TJ to 
triiodothyronine (T3) , resulting in elevated plasma 
T3 levels (Nagler et al, 1991) which can be 
measured by radioimmunoassay in 3 days (Brown and 
Eales, 1977) . In order to test this T3 RIA system 
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in this study, a series of control experiments will 
be done. The sensitivity and specificity of T3 RIA 
have to be confirmed. 
Furthermore, the possibility of administering 
the r-gcGH by immersion or via an oral route will 
be investigated in addition to intraperitoneal 
injection. The choice of administration method is 
very important towards the potential application of 
r-gcGH in fish farming. 
If our r-gcGH is proven to be effective in 
growth-promoting activity in other fish, the next 
aspect of our study will be scale up production and 






Amann, E. and Brosino, J. (1985) . 'ATG vectors‘ for 
regulated high level expression of cloned genes in 
Escherichia coll. Gene 40: 183-190. 
Aitiersham. M13 cloning and sequencing handbook. 
Brosius, J., Erfle, M. and Storella, J. (1985). Spacing 
of the -10 and -35 regions in the tac promoter. J. Bio. 
Chem. Vol.260 No.6 3539-3541. 
Brosino, J. and Holy, A. (1984)• Regulation of 
ribosomal RNA promoters with a synthetic lac operator. 
Proc. Natl. Acad. Sci. 81: 6929-6933. 
Brown,S. and Bales,J.G. (1977). Measurement of L-
thyroxine and 3,5,3'-triiodo-L-thyronine levels in fish 
plasma by radioimmunoassay.Can.J. Zool. 55:293-299 • 
Buchner, J. and Rudolph R. (1991)• Renaturation, 
purification and characterization of recombinant F,b-
fragments produced in Escherichia coli. Biotechnology 
Vol. 9: 157-162. 




Donaldson, E.M., Schulte, P.M., Down, N.E. and Sariza, 
L.M. (1989) Experimental Adminitration of recombinant 
bovine growth hormone to juvenile rainbow trout (Salmo 
gairdneri) by injection or by immersion. Aquaculture 
76: 145-156. 
Donaldson, E.M., Mclean, E. and Meden A.C. van DER 
(1990)• Direct and indirect evidence for polypeptide 
adsorption by the teleost gastrointestinal tract. 
J.Fish Biology 36： 489-498. 
Down, N. E., Schulte P.M., Danaldson E.M. and Dye H.M. 
(1989)• Growth acceleration of seawater-adapted female 
Chinook salmon (Oncorhynchus tshawytscha) by constant 
infusion of recombinant bovine growth-hormone u6nder 
ambient summer conditions. J. of the World Aquaculture 
Society. 
Down, N.E., Donaldson, E.M., and Dye H.M. (1989) A 
potent analog of recombinant bovine somatotropin 
accelerates growth in juvenile Coho Salmon (Oncorhynchus 
kisutch) Can. J. Fish. Aquat. Sci., Vol. 46: 178-183. 
George, H.Y., Litalien, J.J., Pilacinski, W.P., 
Glassman, D.L., and Krzyzek, R.A. (1985). High-level 
expression in Escherichia coli of biologically active 
bovine growth hormine. DNA 4: 273-281. 
99 
References 
Gill, J.A., Sampter, J.P., Donaldson, E.M., Dye, H.M., 
Souza, L., Berg, T., Wypch, J. and Langley, K. (1985). 
Biotechnology 3: 643-646. 
Kariya, Y., Sato, N., Kawazoe, I., Kimura, S., Miyazaki, 
N., 
% 
Nonaka, M. and Kawauchi, H. (1989). Isolation and 
characterization of growth hormone from a marine fish, 
tuna (Thunnus albacaves) Agric. Biol. Chem. 53 (6): 
1679-1687• 
Kessler, D., Leibrecht, I. and Knappe, J. (1991) 
Pyruvate-formate-lyase-deactivase and acetyl-CoA 
reductase activities of Escherichia coli reside on a 
polymeric protein particle encoded by adhE • Federation 
of European Biochemical Societies. Bol.281, No. 1-2: 59-
63. 
i 
Laemmli, U.K. (1970)• Cleavage of structural proteins 
during the assembly of the head of bacteriophage T4. 
Nature 227: 680. 
Lin, E.C.C. and Chen, Y.M. (1991) . Regulation of the 
adhE gene, which encodes ethanol dehydrogenase in 
Escherichia coli. Journal of Bacteriology. Vol. 173, 




Lin, X.L., Wong, R.W.S. and Tang, J. (1989). Synthesis, 
purification and active site mutagenesis of recombinant 
porcine pepsinogen. J. Bio. Chem. Vol. 264, No. 
8:4482-4489. 
Maniatis, T., Fritsch, E.F. and Sambrook, J. (1982). 
Molecular cloning: a Laboratory manual (1st Ed.) Cold 
Spring Harbor Laboratory Press. 
Marston, F.A.O. (1986). The purification of eukaryotic 
polypeptides synthesized in Escherichia coli. Biochem. 
J. 240: 1-12. 
Miki, T. , Yasujochi, T. , Nagatami, H. , Furuno, M., 
Orita, T. , Yainada, H. , Imoto, T. , and Horiuchi, T. 
(1987). Construction of a plasmid vector for the 
regulatable high level expression of eukaryotic genes in 
Escherichia coli: an application to overproduction of 
chicken lysozyme. Protein Engineering. Vol.1, No.4: 
327-332. 
\ 
Miller, J.H. (1972)• Experiments in molecular genetics. 
Cold Spring Harbor Laboratory, Cold Spring Harbor, New 
York. 
Mitraki, A. and King, J. (1989). Protein folding 
intermediates and inclusion body formation. 
101 
‘ References 
Biotechnology Vol. 7: 690-697• 
Nagler,J.J.,Hwang,S.J. and Idler,D.R. (1991). Isolation 
of Sockeye Salmon growth hormone utilizing serum 
triiodothyronine enhancement in Rainbow Trout to monitor 
biological activity. General and Camparative 
Endocrinology 84:374-380. 
Oakley, B.R., Kirsch, D.R. and Morris, N.R. (1980). A 
simplified ultrasensitive silver stain for detecting 
proteins in polyacrylamide gels. Anal. Biocheia. 105: 
361. 
Pickford, G.E. (1957). The growth hormone. In "The 
physiology of the pituitary gland of fishes" p84-99 
(G.E. Pickford and J.W. Atz, eds.) . N.Y. Zool. Soc. , New 
York. 
Remaut, E., Stanssens, P. and Fier, W.(1981). Plasmid 
vectors for high-efficiency expression controlled by the 
Pl promoter of coli phage lambda. Gene 15: 81. 
» 
Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989) 
Molecualr cloning:A lavoratory manual (2nd Edition, Cold 
Spring Harbor Laboratory Press)• 
Sato, N ” Hayami, T., Murata, K., Watanabe, K. , Kariya, 
102 
References 
Y., Sakaguchi, M., Kimura, S., Nonaka, M. and Kimura A. 
(1989), Expression of tuna growth hormine cDNA in 
Escherichaia coli. Appl. Microbiol. Biotechnol. 30: 
153-159. 
Schander, B. and McCarthy, J.E.G. (1989) . The role of 
bases upstream of the Shine-Dalgarno region and in the 
coding sequence in the control of gene expression in 
Escherichia coli translation and stability of mRNAs in 
vivo. Gene 78: 59-72. 
Schein, C.H. (1990) . Solubility as a function of 
protein structure and solvent components. Biotechnology 
Vol. 8: 308-317. 
I 
Schoner, B.E., Hsiung, H.M., Belagaje, R.M., Mayne, N.G. 
and schoner R.G. (1984) . Role of mRNA translational 
efficiency in bovine growth hormone expressionin 
Escherichia coli. Proc. Natl. Acad. Sci. USA 81: 5403-
5407. 
Schoner, B.E., Belagaje, R.M. and Schoner, R.G. (1986). 
Translation of a synthetic two-cistron mRNA in 





Seeburg, P.E., Sias, S., Adelman, J., Deboer, H.A., 
Hay flick, J., Thurani, P., Goeddel, D.V., and Heynecker, 
H.C. (1983). Efficient bacterial expression of bovine 
and porcine growth hormones. DNA 2: 37-45. 
Shine, J. and Dalgaron, L. (1975). Determinant of 
cistron specificity in bacterial ribosomes. Nature 
254:34. 
Steitz, J.A. (1979) Genetic signals and nucleotide 
sequences in messenger RNA. In Biological regulation 
and development (ed. R.F. Goldberger) Vol. 1, P.349. 
Plenum Press, New York. 
Stieglitz, H., Cerrantes, L., Robledo, R., Fonseca, R., 
Covarrubias, L., Bolivar, F. and Kupersztoch, Y.M. 
(1988)• Cloning, sequencing and expression in Ficoll-
generated minicells of an Escherichia coli heat-stable 
enterotoxin gene. Plasmid 
20: 42-53. 
Towbin, H ” Staehelin, T. and Gordon, J. (1979). 
Electrophoretic transfer of proteins from polyacrylamide 
gels to nitrocellulose sheets: Procedure and some 
applications. Proc. Natl. Acad. Sci. 76: 4350. 
» 
Yanisch-Perron, C., Vieira, J. and Messing, J. (1985) 
104 
References 
Improved M13 phage cloning vectors and host strains: 
nucleotide sequences of the M13mpl8 and pUC19 vectors. 

























































































































. , - - V .
 - .
 . . .
 ,










































 : , . . : : 、 - . 
v : , - ‘











































































 , . . . . ” .
 ：
 . i o 二 ： 考 . r : 
^ , . . . . . 〜 ： •
 -
 .‘.....






















 v x i 









































 A / 
^ ^













 4 f ；






























 • . . . . ) .
 .


























赞 . - . . . . . - > — . . ！ -
 , ”
 •
 . . . .
 .
 7
 . . .
 .
 ；
 ‘ ： . • . .
 »
 .














































































 . . .
 ’ ， f , 貪 



















 / a 、 ’
 -
 V
 r ^ f
 .
 ^ ^ 
々 ， 令 - K w
 " 工
 c 、 ：
 ，
 ‘






 • 。 5 _ :
 ？ 建 營 ， 。 
羡 等 ？ 、
 . . .
 . . ： _
 ： “ ； 盡 
TEbffgEDDD 
III 醒 11圓11111 saLJBjqi-n >|HnD 
